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(57) ABSTRACT 

Arobot controller (10) includes a VGA controller (11) Which 
transmits 15-bit image data at cycles of 25 MHZ. A code 
converter (12) converts 15-bit image data into 20-bit image 
data and transmits, to a driver (13), 10-bit image data at 
cycles of 50 MHZ. The driver (13) converts image data into 
serial data, and then transmits the serial data to a tWisted pair 
line (30). Image data received by a receiver (21) of a display 
unit (20) is, by a code converter (22), converted into 15-bit 
data and transmitted to a liquid crystal display (23) at cycles 
of 25 MHZ. The driver (13) and the receiver (21) have a 
phase lock circuit adapted to Fibre Channel (500 Mbps) and 
arranged for phasing the both With each other. 

8 Claims, 3 Drawing Sheets 
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ROBOT CONTROLLER 

TECHNICAL FIELD 

The present invention relates to a robot controller having 
a display unit disposed apart from a body of a robot 
controller. 

BACKGROUND OF THE INVENTION 

To display image data on a display unit, it is necessary to 
connect a graphic control circuit (Video Graphics Array, 
VGA) adapted to the interface of the display unit to the 
display unit. To transmit image data from the VGA control 
ler to the display unit, there are a method using a digital 
VGA controller to transmit data in the form of a digital 
signal and a method using an analog VGA controller to 
transmit data in the form of an analog signal. 
When the digital VGA controller is employed, each of R 

(red), G (green) and B (blue) color signals is composed of 
four bits, as shoWn in FIG. 3. A horiZontal synchroniZing 
signal (HSYNC), a vertical synchroniZing signal (VSYNC) 
and a data enable signal (DE) are required as synchroniZing 
signals. Thus, ?fteen signal lines are required. 
When the analog VGA controller is employed, R, G, B 

color signals are transmitted in the form of analog signals 
from the VGA controller to the display unit through three 
signal lines. Then, the analog signal undergoes A/D conver 
sion on the display unit side for adaption to the interface of 
the display unit. One signal line is required for each of the 
horiZontal synchroniZing signal (HSYNC) and the vertical 
synchroniZing signal (VSYNC). Moreover, a data enable 
signal (DE) must sometimes be transmitted, requiring there 
fore ?ve or six signal lines in total. 

Industrial robots use a variety of data Which must be 
displayed on the display unit. When image data transmitted 
from a VGA controller of a card personal computer or the 
like mounted on a robot control unit is displayed on the 
display unit, 15 signal lines are required for the digital VGA 
controller and 5 (or 6) signal lines are required for the analog 
VGA controller as described above. 

A digital VGA controller transmits signals accurately 
because the signals transmitted are digital. HoWever, in the 
case Where a display unit is disposed separated from the 
body of a robot controller, mere extension of a signal line 
Would hinder normal transmission of signals because signals 
from a digital VGA are of TTL (Transistor-Transistor-Logic) 
level so that they tend to loWer in level in the signal line. 
Therefore, the signal has to be transmitted in the form of a 
differential output (that is, data is transmitted based on the 
difference betWeen each signal and an inversion signal of the 
signal). In order to do so, signal lines for transmitting the 
inversion signals are required, thus causing the number of 
signal lines to be doubled. For example, in the case of the 
system shoWn in FIG. 3, the number of signal lines Will be 
impractical number of lines (15x20). 
On the other hand, in the case of the analog VGA 

controller, the number of the signal lines can be reduced, but 
the A/D converter is required as described above, and this 
requires the use of coaxial cable having a larger diameter 
and thus being less ?exible in handling When the display unit 
such as a teaching pendant has to be held by a hand for 
operation. Since signal to be transmitted is analog, the signal 
level is loWered and thus the number of colors Which can be 
displayed is limited, and further, differences in delays are 
produced among each color so that deviation from synchro 
niZation takes place. 
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2 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a robot 
controller capable of accurately transmitting image data and 
employing a ?exible cable even if a display unit is disposed 
apart from a body of the robot controller. 
To achieve the above-mentioned object, in a robot con 

troller according to one aspect of the present invention, a 
display unit is separated from the body of the robot 
controller, the body of the robot controller and the display 
unit are connected to each other through a tWisted pair line 
or a coaxial cable, and image data from a graphic control 
circuit provided on the body of the robot controller is 
converted into serial data and transmitted to the display unit. 

Further, in a robot controller according to the other aspect 
of the present invention, a display unit is separated from the 
body of the robot controller, a driver provided on the body 
of the robot controller and a receiver provided on the display 
unit are connected to each other through a tWisted pair line 
or a coaxial cable, the driver and the receiver are provided 
With a phase-locked loop circuit for phasing the both With 
each other, and image data supplied from a graphic control 
circuit provided on the body of the robot controller is 
divided into tWo sections so that high speed serial commu 
nication can be performed at double speed. 

Further, in a robot controller according to still other aspect 
of the present invention, Wherein a display unit is separated 
from the body of the robot controller, and the body of the 
robot controller and the display unit are connected to each 
other through a tWisted pair line or a coaxial cable. And the 
body of the robot controller comprises: a latch circuit for 
latching image data transmitted from the graphic control 
circuit by a quantity corresponding to several pixels; a RAM 
for sequentially storing image data corresponding to several 
pixels latched by the latch circuit; a driver for sequentially 
transmitting, to the tWisted pair line or the coaxial cable, 
image data corresponding to several pixels stored in the 
RAM; and a control circuit for controlling the latching of 
image data to be performed by the latch circuit, Writing and 
reading of image data to and from the RAM and transmis 
sion of image data corresponding to several pixels from the 
RAM to the tWisted pair line or the coaxial cable by the 
driver. And the display unit comprises: a receiver connected 
to the tWisted pair line or the coaxial cable; a RAM for 
sequentially storing image data for several pixels received 
by the receiver; a latch circuit for latching image data for 
several pixels read from the RAM and transmitting image 
data for one pixel at a time to a display unit; a display unit 
itself; and a control circuit for controlling Writing and 
reading of image data for several pixels supplied from the 
receiver on and from the RAM, latching of image data for 
several pixels to be performed by the latch circuit, and 
separating and transmitting of image data for one pixel from 
image data for the plurality of pixels latched by the latch 
circuit so that high speed serial communication can be 
performed. 

The present invention is designed so that image data is 
transmitted to the display unit by high speed serial 
communication, and, moreover, the transmission line is of 
the tWisted pair line or the coaxial cable having small 
number of cores. Therefore, an accurate image can be 
obtained and the cable has a suf?cient ?exibility, so that the 
operability of a teaching pendant or the like, on Which the 
display unit is mounted, can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing an essential part of a 
?rst embodiment of the present invention; 
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FIG. 2 is a block diagram showing an essential part of a 
second embodiment of the present invention; 

FIG. 3 is a diagram shoWing a conventional method of 
transmitting image data from a digital VGA; and 

FIG. 4 is a diagram shoWing a conventional method of 
transmitting image information from an analog VGA. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

The present invention is designed for high-speed serial 
communication of data betWeen the body of a robot con 
troller and a display unit. The high speed serial communi 
cation is standardiZed, for example, by Fibre Channel (500 
Mbps), IEEE1394 (100 Mbps) or the like. 

FIG. 1 is a block diagram shoWing an embodiment of the 
present invention in Which transmission is performed by the 
Fibre Channel (500 Mbps). 
Abody 10 of the robot controller has a code converter 12 

for converting 16-bit image data transmitted from a VGA 
controller 11 of a card type personal computer or the like 
provided on the body 10 of the robot controller into 10-bit 
data, and a driver 13 for Fibre Channel (500 Mbps) designed 
to transmit data supplied from the code converter 12 to a 
transmission line. A display unit 20 comprises a receiver 21 
for Fibre Channel (500 Mbps), Which receives data from the 
transmission line, a code converter 22 for converting 10-bit 
data supplied from the receiver 21 into 16-bit data, and a 
liquid crystal display (LCD) unit 23 for displaying an image 
in accordance With data supplied from the code converter 22. 
A transmission line for establishing the connection betWeen 
the body 10 of the robot controller and the display unit 20 
is of a tWisted pair line. 

Four-bit color signal for each of R, G and B is parallelly 
transmitted from the VGA controller 11 at cycles of 25 
MHZ. Synchronizing signals, namely, a horiZontal synchro 
niZing signal (HSYNC) and a vertical synchroniZing signal 
(VSYNC), and a data enable signal (DE) are transmitted 
from the VGA controller 11. Although the code converter 12 
receives 15-bit parallel input signal data, one bit for blank 
input signal is provided, so that input signal data is formed 
into a 16-bit input signal data. This 16-bit data is converted 
into 10-bit data. Thus, 10-bit parallel signal data is trans 
mitted at cycles of 50 MHZ. That is, 4-bit data Which is input 
at cycles of 25 MHZ is converted into 5-bit data. Thus, 
16-bit data is converted into 20-bit data, Which is divided 
into 10-bit data so that 10-bit parallel signal data is trans 
mitted tWice at cycles of 50 MHZ, double the 25 MHZ. 

The driver 13 converts 10-bit parallel signal data into 
serial signal data, and then transmits the same to a tWisted 
pair line 30. That is, the driver 13 and the receiver 21 have 
a PLL (Phase-Locked Loop) circuit for phasing the signals 
of the driver 13 and the receiver 21 With each other. Since 
the phase locked by the PLL circuit is unlocked if four 
signals having a level of “1” (high level) or “0” (loW level) 
appear successively, the code converter 12 adjusts one bit 
produced When increasing from four bit to ?ve bit, in order 
that the level of “1” or “0” does not successively appear. 

The receiver 21 of the display unit 20 receives 10-bit data 
at cycles of 50 MHZ from the tWisted pair line 30, and then 
converts 10-bit data into parallel signal data Which is trans 
mitted to the code converter 22. The code converter 22 
receives 10-bit parallel signal data tWo times so as to convert 
the signals in 5-bit unit into 4-bit signals, forming 16 bit 
signals in total. Thus, the code converter 22 transmits, to the 
liquid crystal display (LCD) unit 23, a 4-bit color signal for 
R (red), a 4-bit color signal for G (green), a 4-bit color signal 
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4 
for B (blue), a horiZontal synchroniZing signal (HSYNC), a 
vertical synchroniZing signal (VSYNC) and a data enable 
signal (DE) at cycles of 25 MHZ. In accordance With the 
received image signals, the liquid crystal display (LCD) unit 
23 displays an image similarly to the conventional system. 

In this embodiment, image data is transmitted in the form 
of digital signal from the body 10 of the robot controller to 
the display unit 20 by high speed serial communication 
conforming to Fibre Channel (500 Mbps) standard, and, 
therefore, image does not deteriorate. Since the transmission 
line is a tWisted pair line, the transmission line has a 
sufficient ?exibility even When the display unit is mounted 
on a teaching pendant, and even When the teaching pendant 
is held by the hand of an operator for operation, the 
operability of the teaching pendant is not adversely affected. 
A coaxial cable may be employed in place of tWisted pair 
lines. In that case, as the number of cores can be reduced, the 
overall outer diameter of the cable can be reduced. Thus, 
?exibility of the coaxial cable can be realiZed and thus 
deterioration in the operability of the teaching pendant or the 
like can be prevented. 

FIG. 2 is a block diagram shoWing a second embodiment 
of the present invention having a structure conforming to 
IEEE1394 (100 Mbps) standard for a high speed commu 
nication. 

In the second embodiment, a body 40 of a robot controller 
has a digital VGA controller 41, Which outputs 3-bit color 
signals for R, G, and B images, 1-bit horiZontal synchro 
niZing signal (HSYNC), vertical synchroniZing signal 
(VSYNC) and data enable signal The R, G, and B 
signals are supplied to a latch circuit 42 parallelly Which 
latches the signal for 3 pixels. The horiZontal synchroniZing 
signal (HSYNC), the vertical synchroniZing signal 
(VSYNC), the data enable signal (DE) and a dot clock CL 
are supplied to a control circuit 43. The latch circuit 42 
parallelly transmits 27-bit (3 bits><3 colors (red, green and 
blue)><3 pixels=27 bits) signals for 3 pixels, Which are 
parallelly input to a dual port DRAM 44. In accordance With 
an address signal, a Writing signal and reading signal trans 
mitted from the control circuit 43, input data is sequentially 
Written in the regions having instructed addresses and is 
sequentially read therefrom. 27-bit data read from the dual 
port DRAM 44 is supplied to a driver 45 for the IEEE1394 
(100 Mbps), converted into serial data and transmitted to a 
transmission line Which is a tWisted pair line 60. 

A display unit 50 comprises a receiver 51 for IEEE1394 
(100 Mbps) connected to the tWisted pair line 60, a dual port 
DRAM 52 for receiving R, G, and B signal data transmitted 
from the receiver 51, a latch circuit 53 for receiving 27-bit 
data transmitted from the dual port DRAM 52, a control 
circuit 54 for generating a dot clock CL, an address signal, 
a Writing signal, a reading signal, a horiZontal synchroniZing 
signal (HSYNC), a vertical synchroniZing signal (VSYNC) 
and a data enable signal (DE), Which are transmitted to the 
dual port DRAM 52 in accordance With a signal supplied 
from the receiver 51, and a liquid crystal display (LCD) unit 
55. 

The digital VGA controller 41 of the body 40 of the robot 
controller transmits, to the latch circuit 42, 3-bit color 
signals for one pixel for R, G, and B at each dot clock CL. 
Moreover, the digital VGA controller 41 transmits, to the 
control circuit 43, horiZontal synchroniZing signal 
(HSYNC), vertical synchroniZing signal (VSYNC), data 
enable signal (DE) and output dot clock CL. In accordance 
With the input signals, the control circuit 43 produces and 
outputs dot clock CL to the latch circuit 42, a Writing signal 
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and reading signal to the dual port DRAM 44 and sequen 
tially updated address signals corresponding to the Writing 
signal and the reading signal at a rate of 1/3 of the number of 
the dot clocks CL. Moreover, the control circuit 43 produces 
and outputs a Writing signal to the driver 45. 
As a result, 3-bit color data for R, G, and B is latched by 

the latch circuit 42 With each dot clock CL. When color data 
for 3 pixels has been latched in response to the three dot 
clocks CL, the Writing signal is input to the dual port DRAM 
44, causing 27-bit image data for 3 pixels to be Written in the 
designated Writing addresses Which are sequentially 
updated. Moreover, 27-bit data for 3 pixels are output from 
the addresses Which are sequentially updated in response to 
the reading signal. In response to the Writing signal supplied 
from the control circuit 43, the driver 45 reads the data to 
generate serial data conforming to the protocol of 
IEEE1394, Which is to be transmitted to the tWisted pair line 
60. 

The receiver 51 of the display unit 50 receives image data 
from the tWisted pair line 60. The control circuit 54 produces 
a horiZontal synchroniZing signal (HSYNC), a vertical syn 
chroniZing signal (VSYNC), a data enable signal (DE) and 
a dot clock CL and transmit the same to the liquid crystal 
display unit 55. Moreover, the control circuit 54 transmits a 
dot clock CL to the latch circuit 53. 

The receiver 51 converts received 27-bit image data from 
serial data to parallel data for transmission to the dual port 
DRAM 52. In response to the Writing signal output from the 
control circuit 54, the dual port DRAM 52 stores the data at 
the Writing address, Which is sequentially updated and from 
Which the stored data is output. Further, the dual port DRAM 
52 reads 27-bit image data from the reading address in 
response to the reading signal and the reading address 
supplied from the control circuit 54 and transmits the same 
to the latch circuit 53. In response to the dot clock CL 
transmitted from the control circuit 54, the latch circuit 53 
divides 27-bit data for 3 portions for output to the liquid 
crystal display (LCD) unit 55, the three portions constituting 
3-bit red signal, 3-bit green signal and 3-bit blue signal 
respectively, each being for single pixel. Thus, the liquid 
crystal display unit 55 supplied With image data displays an 
image similarly to the conventional system. 

The second embodiment is also free from deterioration of 
signal during transmission oWing to high speed serial com 
munication using a serial digital signal. For instance, even 
When the body 40 of the robot controller and the display unit 
50 are operated at a distance from each other, accurate 
communication can be performed. Furthermore, as a tWisted 
pair line is employed as the transmission line, the cable has 
a suf?cient ?exibility. Therefore, even When a display unit is 
incorporated into a teaching pendant or the like Which is held 
by operator’s hand, deterioration in the operability can be 
prevented. 
What is claimed is: 
1. A robot controller, in Which a display unit is separated 

from the body of said robot controller, and said body of the 
robot controller and said display unit being connected to 
each other through a tWisted pair line or a coaxial cable, 

said body of the robot controller having: 
a graphic control circuit; 
a ?rst latch circuit to latch image data transmitted from 

said graphic control circuit by a quantity correspond 
ing to several pixels; 

a ?rst RAM to sequentially store image data corre 
sponding to the several pixels latched by said ?rst 
latch circuit; 

a driver to sequentially transmit, to said tWisted pair 
line or said coaxial cable, the image data correspond 
ing to several pixels stored in said ?rst RAM; and 
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a control circuit to control the latching of the image 

data to be performed by said ?rst latch circuit, 
Writing and reading of the image data to and from 
said ?rst RAM and transmission of the image data 
corresponding to several pixels from said ?rst RAM 
to said tWisted pair line or said coaxial cable by said 
driver; 

said display unit having: 
a receiver connected to said tWisted pair line or said 

coaxial cable; 
a second RAM to sequentially store the image data for 

several pixels received by said receiver and trans 
mitted by said driver; 

a second latch circuit to latch the image data for several 
pixels read from said second RAM and to transmit 
image data for one pixel at a time to a display; 

said display; and 
a control circuit to control Writing and reading of the 

image data for several pixels supplied from said 
receiver on and from said second RAM, latching of the 
image data for several pixels to be performed by said 
second latch circuit, and to separate and transmit image 
data for one pixel from the image data for several pixels 
latched by said second latch circuit so that high speed 
serial communication can be performed. 

2. A robot controller, in Which a display unit is separated 
from the body of the robot controller, said body of the robot 
controller and said display unit are connected to each other 
through a tWisted pair line or a coaxial cable, said display 
unit being mounted on a teaching pendant, and image data 
supplied from a graphic control circuit provided on said 
body of said robot controller is converted into serial data and 
transmitted to said display unit. 

3. The robot controller of claim 1, Wherein the coaxial 
cable is a reduced core and overall reduced outer diameter 
coaxial cable. 

4. The robot controller of claim 1, Wherein the robot 
controller further includes a code converter to convert the 
image data to a different bit length before the image data is 
converted into serial data and transmitted to said display 
unit. 

5. A robot controller, in Which a display unit is separated 
from the body of the robot controller, a driver provided on 
said body of the robot controller and a receiver provided on 
said display unit are connected to each other through a 
tWisted pair line or a coaxial cable, said display unit being 
mounted on a teaching pendant, said driver and said receiver 
being provided With a phase-locked loop circuit to phase 
lock an output of the driver With an input of the receiver, and 
said driver also being provided With a converter unit to 
divide the image data supplied from a graphic control 
circuit, provided on said body of the robot controller, into 
tWo sections so that high speed serial communication can be 
performed at double speed. 

6. The method of displaying image data for a robot 
controller, Where the display unit is separated from the body 
of the robot controller and mounted on a teaching pendant, 
comprising: 

connecting the robot controller and the display by a 
tWisted pair line or a coaxial cable; 

converting a plurality of parallel pixel image data of the 
robot controller into serial image data; 

transferring the serial image data from the robot controller 
to the display unit via the tWisted pair or coaxial cable; 

converting the received serial image data into parallel 
image data; and 

displaying the parallel image data on the display unit. 
7. The method of displaying image data for a robot 

controller of claim 6, Wherein the serial data transferred 
betWeen the robot controller and the display is phase-locked. 
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8. The method of displaying image data for a robot 
controller of claim 6, Wherein the converting a plurality of 
parallel pixel image data of the robot controller into serial 
image data further includes converting the parallel image 

8 
data into different bit lengths before the image data is 
converted into serial data. 


